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Multicolor photometric observations of Geosynchronous Earth Orbit (GEO) satellites in the CCD image have been performed exper-
imentally using the Schmidt telescope at Xing-long Observatory of National Astronomical Observatories, Chinese Academy of Sciences.
The data have been reduced and the results have been analyzed. Compared the results of 4 satellites observed, it can be concluded that
there are signiﬁcant diﬀerences between the intensity curves and color indices of objects with diﬀerent bus types. And the curves of single
object observed during 2 nights have relatively strong similarity. The correlation coeﬃcients are also evaluated, which quantify and verify
the conclusion above. The results indicate that multicolor photometric characteristic of GEO satellites may be used as a method of object
feature recognition. Further analysis by reducing the ﬁlters from 10 to 5 has been conducted to investigate whether a smaller number of
these ﬁlters can produce the same result. The results show 5 ﬁlters also can partly distinguish satellites, but with less discrimination. More
observations will be performed in order to further study and improve the method of space object identiﬁcation in the future.
 2016 COSPAR. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Over the last several decades, the project of space debris
has taken on much greater importance. Of particular inter-
est is the population in Geosynchronous Earth Orbit
(GEO). The number of objects in GEO is increasing
because of launching activities of countries all over the
world, and the motion of them is diverse, including active,
station-kept, orbital maneuver, orbital drift and so on. It is
statistically known that there are approximately two satel-
lites per square degree on average, densely even up to four
objects. Moreover, relative locations are changing due to
the inclination. The factors above cause several objectshttp://dx.doi.org/10.1016/j.asr.2016.09.020
0273-1177/ 2016 COSPAR. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativec
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shao.ac.cn (H.-Y. Zhang), yuy@shao.ac.cn (Y. Yu), dundun@shao.ac.cn
(Y.-D. Mao).appear in the CCD image, which brings challenges to Space
Object Identiﬁcation (SOI) correctly.
Since observation of GEO targets are generally
restricted to the optical regime (due to radar limitations),
analysis of their properties is tailored to those revealed
by optical data products. In conventional optical surveys,
the motion of objects was particularly concerned. How-
ever, in recent years, obtaining the characteristics through
optical observations has become more and more attractive
in SOI. Two recent observational strategies have been pre-
sented to explore optical information. Related studies have
shown that, color indices and low-resolution spectrum can
provide reference basis for SOI (Tang et al., 2008). Payne
used specially-made ﬁlter observation data to analyze the
color indices diﬀerence of several GEO satellites and cor-
rected the misidentiﬁed cross-tag satellites (Payne et al.,
2001; Payne and Gregory, 2002, 2004; Payne, 2013). Dao
performed observation on International Space Stationommons.org/licenses/by-nc-nd/4.0/).
Table 1
Parameters of Xing-long Schmidt Telescope.
Telescope aperture Primary Mirror: 90 cm; Corrector Plate: 60 cm
Focal length 180 cm
CCD pixel number 2048  2048 (Binning = 2)
Pixel scale 2.7600/pixel
Field of view (FOV) 940  940
Gain 1
Readout Double gate, Medium speed, 24 s/Frame
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signiﬁcant diﬀerence among them (Dao et al., 2008). Seitzer
used two telescopes: MODEST (Michigan Orbital Debris
Survey Telescope, the University of Michigan’s 0.6/0.9-m
Schmidt telescope) and CTIO 0.9-m, at the Cerro Tololo
Inter-American Observatory (CTIO) in Chile to conduct
simultaneous observations (MODEST observing in the R
ﬁlter, and the CTIO 0.9-m in the B ﬁlter) to obtain photo-
metric information on GEO objects fainter than R = 15th
magnitude (Seitzer et al., 2007, 2009, 2010). Cowardin
emulated illumination conditions in space using equipment
and techniques that parallel telescopic observations and
source-target-sensor orientations in laboratory, and stud-
ied two rocket bodies painted in gray and white/orange
in three independent rotation states and ﬁve diﬀerent debris
surface material type, and compared the laboratory data
and telescopic data to correlate the material type
(Cowardin et al., 2009, 2012). Jorgensen determined the
material type of debris according to metals and paints
absorption lines (Jorgensen et al., 2001). Jin studied the
reﬂection spectrum of debris, and compared with the
experimental data, found the eﬀective application in identi-
ﬁcation of materials of high area-to-mass debris (Jin et al.,
2014).
Therefore, we carried out an experimental observation
of 4 GEO objects by multicolor photometry method with
the National Astronomical Observatories’ 0.6 m/0.9 m
Schmidt telescope at Xing-long station in Hebei Province
to demonstrate its feasibility and eﬃciency in SOI. This
paper is arranged as follows. Section 2 introduces the pro-
gress of data acquisition, Section 3 describes the data
reduction procedure, Section 4 provides the results and
analyses of our observations, and the conclusions are given
in Section 5.
2. Data acquisition
2.1. Telescope and filters
According to the earlier research, there are two alterna-
tive methods to perform multicolor observation and obtain
features of space objects: multicolor photometry and spec-
tral measurement. On the one hand, multicolor photometry
can be regarded as an ultra-low resolution spectral mea-
surement, it has advantages of shorter exposure and higher
eﬃciency, as more than one satellite can be observed simul-
taneously, whereas the moment of each ﬁlter is asyn-
chronous, which results in errors in intensities. Specially
designed telescopes add beam splitting system to the termi-
nal to obtain simultaneous multicolor data, but there are
fewer ﬁlters. On the other hand, spectral measurement is
able to acquire high resolution spectrum, and it can get
simultaneous observations at all wavelengths, however it
can only observe an object once generally. And it has to
expose longer time to ensure adequate Signal to Noise
Ratio (SNR), and hence it has lower eﬃciency. Under
the existing conditions, we get a trade-oﬀ to select theformer with ﬁlters as many as possible. Considering the
ﬁlter system of domestic big telescopes, we decide to select
Xing-long Schmidt Telescope and attached ﬁlters to per-
form our observations. This telescope is dedicated to large
ﬁeld multi-color sky survey with 15-ﬁlter photometric sys-
tem for BATC (Beijing Arizona Taiwan Connecticut)
group. The primary parameter of the telescope is shown
in Table 1. The ﬁlter transmission curves are shown in
Fig. 1, and the corresponding parameters (central wave-
length kc and bandpass) are tabulated in Table 2. Table 3
lists the quantum eﬃciency of CCD detector and transmis-
sion rate of 10 ﬁlters used.
2.2. Targets
In order to perform observations eﬀectively, it is neces-
sary to determine observable objects and periods and make
prediction in advance.
We begin with the target determination. At ﬁrst, all tar-
gets above the station are found based on the TLE ele-
ments of GEO objects released by USAF, and then
groups of multi-objects in the FOV are calculated and
selected. Taking the eﬃciency and recognizable degree into
account, we select a group of four targets with orbit incli-
nation less than one degree, including two of CIS and the
other two of PRC. All are launched in diﬀerent years with
diﬀerent bus types. Table 4 tabulates the detail information
of objects observed. Fig. 2 shows the relative locations of
four targets.
After the observational targets are determined, the posi-
tion of the observational time of four objects is predicted
on the basis of the TLE elements.
2.3. Data acquisition
Two night of observation were conducted on four GEO
satellites from 28 November through to 01 December 2014
using Xing-long Schmidt telescope. Set binning, readout
mode and exposure time to start observation, and change
the ﬁlters sequentially. Take 3 frames of each ﬁlter to avoid
single error. Table 5 summaries the two nights’
observation.
Due to the exposure time varies with the seeing and
weather conditions, we have to examine the images and tar-
gets’ SNR, and choose the proper exposure time. Since the
well-conditioned seeing and clear nights, we set bin-
ning = 2, readout mode as double gate and medium speed
Fig. 1. The transmission curves of 15 ﬁlters. The ﬁlter codes (see Table 2)
are labelled on top of each curve.
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ning and shorter in the end as shown in Table 6 to assure
the SNR larger than 10. Additionally, the a, b, c, d and o
ﬁlters are not available. So, we used the remaining 10 ﬁlters
ﬁnally.3. Data reduction
After ﬁnishing data collection, we need to reduce the
images to obtain the intensities of targets.
As we know, there are three inherit noise sources
included in the CCD image (Mao et al., 2003). The ﬁrst
one is bias ﬁeld, the zero point of measuring system when
there is no exposure. The second one is dark current, the
image when shutter is not open. The current can be reduced
by cooling the camera. The last is ﬂat ﬁeld, which reﬂects
the non-uniformity of pixels. Therefore, we will preprocess
the raw images ﬁrst, and then conduct object detection and
intensity evaluation.Table 3
Quantum eﬃciency and transmission rate of 10 ﬁlters.
Filter e f g h i j k m n p
Qe (%) 85 85 80 80 78 75 65 55 40 10
Tr (%) 85 70 80 80 85 85 85 90 60 853.1. Data preprocess
This part contains bias and dark subtraction and ﬂat
division. As to this observation, an average-generated
image is used as bias. For the ﬂat ﬁeld so-called ‘sky ﬂats’
were used. 10 ﬂats were taken through each ﬁlter. To gen-
erate the ﬂat ﬁeld correction frame of each ﬁlter, the ﬂatTable 2
Central wavelengths and bandpasses of the 15 ﬁlters.
Number Filter kc (nm) Bandpass (nm)
1 a 337.15 33.785
2 b 390.69 26.665
3 c 419.35 28.207
4 d 454.00 35.553
5 e 492.50 34.712
6 f 526.68 33.149
7 g 578.99 27.167
8 h 607.30 28.977frames of each ﬁlter are averaged and the resulting frame
is normalized. The raw target images are then corrected
by the resulting ﬂat ﬁeld in the following way:
Imagecorrect ¼ ðImageraw  biasÞ=flat flat: ð1Þ3.2. Intensity evaluation
As shown in Fig. 2, the objects are point-like, while the
stars are dragged to streak. The intensity of point source is
2-dimension gauss-distributed, deﬁned as:
Iðx; yÞ ¼ Bþ Iobj
2pr2
exp ðx x0Þ
2 þ ðy  y0Þ2
2r2
" #
: ð2Þ
Iðx; yÞ is the intensity of pixel (x, y); (x0, y0) is the center
coordinate; r is the standard deviation of x direction and
y direction, with the relationship and full width of half
maximum (FWHM) as,
r ¼ FWHM
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2 ln 2
p ¼ 0:424FWHM: ð3Þ
B, denoted the sky background, is constant in local area;
Iobj is the intensity of object, which is the sum of pixels in
local area.
The seeing at Xinglong is about 200 to 300, and the
FWHM of image is about 1.5–2 pixels, which depends on
the optical system and local seeing. And the aperture radius
is generally 2–2.5 times of FWHM, that is about 3–5 pixels.
So the radius of point sources is selected as 5 pixels.
After completing the intensity evaluation from images,
we continue the following procedure.
(a) Normalize exposure time to remove the inﬂuence of
exposure of each ﬁlter on intensity asNumber Filter kc (nm) Bandpass (nm)
9 i 665.59 49.700
10 j 706.54 17.062
11 k 754.63 19.191
12 m 802.32 26.027
13 n 848.43 18.540
14 o 918.22 26.948
15 p 973.85 27.820
– – –
Table 4
Information of objects.
NORAD SATNAME Country Launch Period Incl Bus type
28629 EXPRESS AM-2 CIS 2005-3-29 1436.10 0.39 MSS-2500-GSO (MSS-767) Bus
32779 TIANLIAN 01 PRC 2008-4-25 1436.04 0.86 DFH-3 Bus
37806 COSMOS 2473 CIS 2011-9-20 1436.09 0.07 Uragan-M Bus
38953 BEIDOU G6 PRC 2012-10-25 1436.02 0.33 DFH-3 Bus
Fig. 2. Example of raw images. The points in green circles are four
satellites observed, and the streaks are stars. (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web
version of this article.)
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(b) Interpolate the solar phase angle of observation, eval-
uate factor (5),Table 5
Observation summaries.
Date Start time (UTC) End time (UTC)
28 November 2014 14:30 18:30
01 December 2014 15:00 19:00
About 45 min per round, and 3 frames is taken through each ﬁlter.
Table 6
Exposure time of 10 ﬁlters of two nights.
Date 28 November 2014
Number Filter Exptime maximum (s) Exptime mi
1 e 30 10
2 f 30 10
3 g 20 10
4 h 20 10
5 i 10 5
6 j 20 10
7 k 50 30
8 m 20 10
9 n 50 30
10 p 200 100f ðuÞ ¼ sinuþ ðp uÞ cosu; ð5Þ
and normalize it as Eq. (6),
Iobj ¼ Iobj=f ðuÞ: ð6Þ
(c) Normalize quantum eﬃciency (Qe) as Eq. (7),
Iobj ¼ Iobj=Qe: ð7Þ
(d) Normalize transmission rate (Tr) with the area under
each ﬁlter shown in Fig. 1 as,
Iobj ¼ Iobj=ðTr  BandpassÞ: ð8Þ
Finally, we obtain the intensities of 4 objects in 10 ﬁlters.
The results will be presented below.
4. Results and analyses
4.1. Intensity curve
Like spectral curve, we draw the corresponding
intensity-wavelength curve of two nights. As shown in
Figs. 3 and 4, the intensity curves of three or four objects
in the same round diﬀer in some degree, especially object
28629 diﬀers from the others signiﬁcantly. We guess thatNumber of objects Total rounds Number of ﬁlters
3 4 10
4 4 10
01 December 2014
nimum (s) Exptime maximum (s) Exptime minimum (s)
15 10
15 10
15 10
15 10
10 5
15 10
30 30
20 10
50 30
200 100
Fig. 3. Intensity curves of 3 objects on 28 November 2014.
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itself, such as bus type, shape and surface material.
However, the intensity of a single satellite observed in
diﬀerent rounds varies considerably. It may be dependent
on the solar phase angle (SPA), as show in Table 7. As each
round is about 45 min apart, the SPA of each round caused
by the position variation of earth, satellite and sun, is chan-
ged with diﬀerent range. And the optical cross section
(OCS) illuminated by sun varies as well. However, the
intensity change caused by SPA has been corrected in
advance, and the SPA among the four objects has little dif-
ference, because they are in the same ﬁeld of view (940) all
the time. Therefore, the intensity change mainly attributes
to the OCS variation and albedo diﬀerence. Further stud-
ied will be carried out to investigate the reasons.
Intuitively, the total rounds of each satellite are summed
up in Table 8. In order to further analyze the four satellites,
we draw the intensity curves of each object (Fig. 5). As
shown in Fig. 5, it can be seen that: (1) the intensity curves
of a single satellite obtained through diﬀerent rounds have
strong similarity; (2) the intensity curves of four satellites
are diﬀerent from each other; (3) the intensity curves the
two objects of PRC, object 38953 and 32779, have the same
variation trend, while the two objects of CIS, object 37806
and 28629, are quite diﬀerent, which are brighter near
500 nm and have a sharp peak/trough near 600 nm. It
can be inferred that the two satellites of PRC has the same
kind of bus type, which is in accordance to the information
in Table 4. While the bus type of the other two satellites,
belonging to CIS, may be extremely diﬀerent, as shownin Table 4. It can be concluded that the intensity curves
of a single object obtained several adjacent nights have lit-
tle diﬀerence. And the intensity curves of diﬀerent objects
have certain diﬀerences, and particularly object 28629 is
greatly diﬀerent among them. Therefore, these curves can
be applied to identify satellites of diﬀerent countries and
bus types.
In order to comparing them, we calculate correlation
coeﬃcients between intensity curves of each two rounds
to quantify the degrees of their similarity. The correlation
coeﬃcient is calculated by equation,
rXY ¼
PN
i¼1ðX i  X ÞðY i  Y ÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPN
i¼1ðX i  X Þ
2
q ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPN
i¼1ðY i  Y Þ
2
q : ð9Þ
Table 9 gives the results between Round 2 of 01 Decem-
ber and other rounds. As shown in Table 9, the column 4
gives the correlation coeﬃcients between object 38953 of
Round 2 of 01 December and objects of other rounds.
The values underlined in bold show the self-correlation
coeﬃcient of each object, and the rest the cross correlation
coeﬃcients. We can ﬁnd that the self-correlation coeﬃcient
(main diagonal) is the largest in each column per round,
and the cross correlation coeﬃcients are smaller. More-
over, the cross correlation coeﬃcients between object
38953 and object 32779 are approximately equal to their
self-correlation coeﬃcients. This agrees with the identical
bus type of two objects (Table 4). We can make a conclu-
sion that the correlation coeﬃcient of the same object
is greater than that of diﬀerent objects, which is
Fig. 4. Intensity curves of 4 objects on 01 December 2014.
Table 7
SPA changes of each round.
Date Round Mean Start SPA Mean End SPA Date Round Mean Start SPA Mean End SPA
28 November 2014 1 61.8 49.1 01 December 2014 1 53.9 44.6
2 47.6 39.3 2 43.7 36.7
3 38.8 32.3 3 36.4 31.1
4 31.8 28.1 4 30.8 28.3
Table 8
Total round of each satellite.
NORAD Satellite Nights imaged Total rounds
28629 EXPRESSAM-2 2 8
32779 TIANLIAN-01 1 4
37806 COSMOS 2473 2 8
38953 BEIDOU G6 2 8
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strates that the intensity curve is an eﬀective method to
identify multi-object of various bus types in the FOV, while
it requires other features if the objects have the same bus
type.
The standard deviation of 3 frames is evaluated to assess
the repeatability of each ﬁlter (Fig. 6 upper panel). How-
ever, it’s diﬃcult to estimate the accuracy of each ﬁlter in
ADU. Therefore, we calculate the relative error of each ﬁl-
ter (Fig. 6 lower panel). Obviously, the error in ADU is
mostly less than 5, and the relative error is considerablyunder 6%. Thus, the results are reliable for this
observation.4.2. Color index
Due to the color attribute is reﬂected by color index, we
will make further eﬀorts to analyze this property. A photo-
metric color index, can be formed using the brightness of
the satellite in the two ﬁlters via the expression,
m1  m2 ¼ 2:5log10
Z 1
0
F 1ðkÞdk=
Z 1
0
F 2ðkÞdk
 
: ð10Þ
F x is the observed energy ﬂux through ﬁlter x. In fact, the
inﬁnite integral is cutoﬀ by the ﬁnite range of two ﬁlters. A
color index measures the ratio of ﬂux between characteris-
tic wavelengths. In this article, we calculate the color
indices between one ﬁlter and other ﬁlters, and compare
the 4 objects. We have conducted calculation to demon-
strate that this technique is independent on the selected
Fig. 5. Intensity curves of four objects with 10 ﬁlters during 2 nights. Here Round 1 to Round 4 refers to the observation of 01 December 2014, and Round
5 to Round 8 the observation of 28 November 2014. The outlier (Round 8) is removed.
Table 9
Correlation coeﬃcients of intensity curves.
Date Round Object 38953 37806 28629 32779
01 December 2014 Round 1 38953 0.96 0.96 0.51 0.96
37806 0.84 1.00 0.72 0.87
28629 0.60 0.91 0.95 0.67
32779 0.94 0.91 0.44 0.98
Round 3 38953 0.97 0.93 0.42 0.98
37806 0.84 1.00 0.73 0.87
28629 0.25 0.71 1.00 0.32
32779 0.98 0.82 0.24 0.99
Round 4 38953 0.96 0.96 0.50 0.94
37806 0.82 1.00 0.76 0.86
28629 0.49 0.87 0.97 0.55
32779 0.96 0.90 0.40 0.99
28 November 2014 Round 1 38953 0.98 0.89 0.36 –
37806 0.89 0.99 0.64 –
28629 0.72 0.94 0.83 –
Round 2 38953 0.98 0.78 0.15 –
37806 0.87 0.95 0.54 –
28629 0.47 0.86 0.96 –
Round 3 38953 0.97 0.86 0.27 –
37806 0.85 0.99 0.65 –
28629 0.20 0.68 0.99 –
Round 4 38953 0.96 0.88 0.36 –
37806 0.91 0.96 0.55 –
28629 0.57 0.81 0.77 –
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Fig. 6. Error estimation of 10 ﬁlters. The upper panel is the error of each ﬁlter in ADU, the cluster represents the error of 7 times’ observation. The lower
panel is the relative error of each ﬁlter in percentage.
Fig. 7. Color indices with p ﬁlter of 4 objects during 2 nights. Here Round 1 to Round 4 refers to the observation of 01 December 2014, and Round 5 to
Round 8 the observation of 28 November 2014. The outlier (Round 8) is removed. (For interpretation of the references to colour in this ﬁgure legend, the
reader is referred to the web version of this article.)
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Table 10
Correlation coeﬃcients of color indices with p ﬁlter.
Date Round Object 38953 37806 28629 32779
01 December 2014 Round 1 38953 0.97 0.95 0.20 0.96
37806 0.85 1.00 0.51 0.84
28629 0.41 0.80 0.88 0.42
32779 0.99 0.84 0.01 1.00
Round 3 38953 0.99 0.88 0.03 0.97
37806 0.83 1.00 0.54 0.82
28629 0.02 0.50 1.00 0.04
32779 0.98 0.78 0.11 0.99
Round 4 38953 0.97 0.92 0.14 0.95
37806 0.80 1.00 0.59 0.78
28629 0.26 0.73 0.96 0.25
32779 0.98 0.84 0.02 1.00
28 November 2014 Round 1 38953 0.98 0.86 0.02 –
37806 0.93 0.97 0.33 –
28629 0.62 0.89 0.70 –
Round 2 38953 0.98 0.76 0.16 –
37806 0.95 0.90 0.14 –
28629 0.28 0.74 0.95 –
Round 3 38953 0.97 0.79 0.11 –
37806 0.91 0.97 0.33 –
28629 0.09 0.45 0.99 –
Round 4 38953 0.97 0.79 0.10 –
37806 0.93 0.90 0.18 –
28629 0.34 0.57 0.55 –
The underlined bold values are the self correlation coeﬃcients, which are and should be the maximum values of each column of each round, and the bold
and not underlined are the actual maximum values of each column of each round.
Fig. 8. Intensity curves of four objects with 5 ﬁlters during 2 nights. Here Round 1 to Round 4 refers to the observation of 01 December 2014, and Round
5 to Round 8 the observation of 28 November 2014. The outlier (Round 8) is removed.
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Table 11
Correlation coeﬃcients of intensity curves with 5 ﬁlters.
Date Round Object 38953 37806 28629 32779
01 December 2014 Round 1 38953 0.96 0.96 0.58 0.95
37806 0.84 1.00 0.33 0.83
28629 0.12 0.39 0.58 0.09
32779 0.99 0.85 0.71 1.00
Round 3 38953 0.96 0.92 0.67 0.96
37806 0.87 0.99 0.32 0.85
28629 0.69 0.31 1.00 0.71
32779 1.00 0.80 0.75 1.00
Round 4 38953 0.90 0.97 0.53 0.89
37806 0.82 1.00 0.24 0.80
28629 0.32 0.16 0.97 0.35
32779 0.99 0.85 0.76 0.99
28 November 2014 Round 1 38953 0.99 0.85 0.65 –
37806 0.96 0.97 0.54 –
28629 0.67 0.67 0.91 –
Round 2 38953 0.98 0.80 0.77 –
37806 0.84 0.91 0.50 –
28629 0.44 0.06 0.90 –
Round 3 38953 0.96 0.89 0.72 –
37806 0.88 0.97 0.50 –
28629 0.82 0.45 0.98 –
Round 4 38953 0.95 0.88 0.73 –
37806 0.91 0.98 0.49 –
28629 0.02 0.53 0.49 –
The underlined bold values are the self correlation coeﬃcients, which are and should be the maximum values of each column of each round, and the bold
and not underlined are the actual maximum values of each column of each round.
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late the color indices between p and other ﬁlters, and draw
the ﬁgure of each object. As shown in Fig. 7, it is obvious
that the color index varies with object, and the changing
trend is contrary to that of intensity curve.
Similarly, the correlation coeﬃcient of color indices is
also evaluated. As shown in Table 10, as color index is a
kind of diﬀerential method, the resolution and sensitivity
are reduced for object 38953 and 32779, while it is better
for object 28629 and 37806. It illustrates that this method
is more reliable and more sensitive. Therefore, color index,
as a stronger optical property, can be used as a character-
istic for SOI.4.3. Results of 5 filters
Obviously, observation in 10 ﬁlters is time consuming.
In order to saving time and improving eﬃciency, we try
to reproduce this technique with fewer ﬁlters. The ﬁlters
are reduced to half by skipping the adjacent one to ensure
the wavelength coverage (ﬁlter e, g, i, k, n). Fig. 8 and
Table 11 display the corresponding intensity curves and
correlation coeﬃcients, respectively. It can be seen from
Table 11 that there are 3 rounds can’t discriminate object
38953 and 32779 instead of 1 round in Table 9. And the
discrimination between object 38953 and 37806 is becom-
ing more diﬃcult. Hence, this technique with 5 ﬁlters can
also partly distinguish the four targets, but with less dis-
crimination. Additional experimental observation will beconducted to investigate how a smaller number of these ﬁl-
ters can produce a better result.5. Conclusion
We have carried out an experimental multicolor obser-
vation on four GEO satellites with the 0.6 m/0.9 m Sch-
midt telescope at Xing-long station. The data have been
reduced to ﬁgure the intensity curves and color indices,
and the correlation coeﬃcients of them between each two
objects are calculated as well. The resulting analyses indi-
cate that the characteristic of intensity curve and color
index is quite eﬀective in satellite identiﬁcation, especially
between diﬀerent bus types. Further analysis by reducing
the ﬁlters from 10 to 5 has been conducted to investigate
whether a smaller number of these ﬁlters can produce the
same result. The results show 5 ﬁlters also can distinguish
satellites with less discrimination. However, this technique
is useful simply for attitude controlled spacecraft. For
uncontrolled objects, with variable attitude during even a
single ﬁlter observation of 10–30 s, then the technique will
doesn’t work. As to the case of multi-objects in ﬁeld of
view, the multicolor photometry also can be associated
with orbit, position and brightness to increasing the cor-
rectness of identiﬁcation greatly. At present, we have stud-
ied the spectrum of satellite to gain more accurate
characteristic and apply on feature recognition. More
observations on GEO satellites will be performed in order
X.-F. Zhao et al. / Advances in Space Research 58 (2016) 2269–2279 2279to further study and improve the method of SOI, and the
database of optical property will be established.
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